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- PROBE FOR TRANSCUTANEOUS SAMPLING

~~ DESCRIPTION
- 1. Technical Fied =

s

- The present invention relates, in general, to transcuta-

~neous monitoring of blood gases and, in particular, to a
probe which is placed against the skin of a patient to

sense blood gases diffusing through the skin. Although .
the invention will be described in connection with the

- measurement of the partial pressure of oxygen (pO2), it

will be apparent that the underlying concepts of the

invention may be applied to measure other parameters
of the blood, such as the partial pressure of carbon
dioxide (pCOy). - . - - I

2. Background Art. . -

The importance of blood gas analysis is well known.

- Various body disorders can be identified through such
an analysis. For example, the status of the respiratory

function may be determined by examining blood gases.

Also, metabolic disorders, such as kidney failure, can be

monitored by blood gas measurements. Careful exami-
nation of blood gases, particularly the partial pressure

of oxygen, is important for infants undergoing oxygen -

therapy. |
A common technique for conducting blood gas anal-

ysis involves drawing a blood sample from the patient.

One way to do this is to use a catheter in the umbilical
. artery. An alternative is to draw capillary blood from a
- heel prick after the capillaries and arterioles have been
dilated. Still another alternative is to draw the blood
from another artery, such as the radial artery. Regard-
less of the manner in which the blood sample is -ob-
tained, once drawn, the blood must be kept isolated
irom the atmosphere and stored on ice..

- There are a number of limitations and shortcomings
to drawing blood samples for blood gas analysis. First,
the monitoring of the blood gases 1S not continuous.
Experiments have shown that the partial pressure of
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L

tissue to increﬁse blood circulation in the ,viCinity of the

- body where the probe is placed, and a heat sensor for
~developing an indication of the temperature of the body

tissue in the vicinity of the probe. With time, the elec-

trolyte and.thé_ membrane need to be replaced. Besides
deterioration of the electrolyte and membrane, a por-

- tion of the electrolyte evaporates. Instead of replacing

- the entire probe which is quite expensive, the probe is
designed to permit removal of the old electrolyte and
- membrane and introduction of fres'h.electrolyte and a

' new membrane. o o '

‘Most of the approaches | sﬁggestéd- in the past for '

éhang‘ing the electrolyte and membranes of such probes
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~Oxygen can change quickly and significantly, so that 40

even blood samples drawn two or three times an hour

cannot always provide the trend information needed to

determine the effects of therapy. Another problem with
drawing blood samples is that the procedure is invasive
and, therefore, may cause significant complications
such as thrombosis or emboli. Yet another concern is
that repeated blood samplings may result in anemia and
require transfusions. Finally, the overall cost of draw-
ing and preserving the blood sample and conducting the
blood gas analysis is higher than desired. .
Transcutaneous blood gas measurement is a very
attractive alternative to drawing blood samples for
blood gas analysis. This technique is non-invasive and
provides continuous blood gas monitoring. It utilizes a
Pprobe which is placed against the skin of a patient and
upon sensing blood gas diffusing through the skin devel-
ops, by electrochemical means, an electrical signal rep-
resentative of the partial pressure of the gas being
sensed. A great deal of work has been performed over
the last ten or so years in perfecting transcutaneous

blood gas analysis. Much of this work has been concen-

trated in the area of probe design. -

Typically, a probe in a transcutaneous blood gas
analyzing system includes a pair of electrodes and an
electrolyte for developing the signal representative of
the gas diffusing through the skin, a membrane permea-
ble to the gas diffusing through the skin for containing
the electrolyte, heating means for heating the body
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to improper probe operation.

have been found to be inadequate. This results from
probe designs which do not lend themselves to easy
electrolyte and membrane replacement and from pooT
concepts underlying the replacement feature design.

- For example, certain probes having a flat contact sur-

- face require the use of an electrolyte gel rather than an
20. electrolyte liquid. Use of a gel requires a special tool to

spread the gel which is a difficult and time-consuming

~operation for the user. Improper spreading of the gel

will result in improper
probe. | | |
Some probes have been provided with caps which
screw onto the main body to hold the electrolyte and
membrane in place. Rotary action on the membrane
tends to wrinkle the membrane which also will result in
Improper operation of the probe. I
- Still another problem with some of the probes which

sensing of blood gas by the

are available at the present time is that the handling and

positioning of the membrane during replacement is

awkward and difficult often leading to improper setting

of the membrane within the probe. This again will lead

- DISCLOSURE OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a new and improved probe for transcutane-
ous blood gas analysis. | B

It 1s another object of the present invention to pro-
vide a probe for transcutaneous blood gas analysis
which is arranged for easy replacement of the probe
electrolyte and probe membrane.

It 1s a further object of the present invention to pro-
vide a probe for transcutaneous blood gas analysis
which is relatively simple in construction. |

It is yet another object of the present invention to
provide a probe for transcutaneous blood gas analysis
which may be fabricated at reasonable cost. .

‘These and other objects are achieved by a probe
constructed in accordance with the present invention.
Such a probe includes a housing and a cap having an
axis common to the axis of the housing. The cap has an
opening in its base and locking means which engage the
housing upon movement of the cap along its axis for
securing the cap to the housing. The probe also includes
a membrane secured to the cap and spanning the open-
ing in the base of the cap. The probe further includes

- detector means responsive to blood gas diffusing

through the skin of a body against which the probe is
positioned for developing an electrical signal represen-
tative of the blood gas. The detector means are com-
posed of an electrode unit held within the housing and
forming a domed surface which projects from the hous-
ing through the opening in the base of the cap and an

electrolyte between the domed surface and the mem-
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brane. The probe further includes sealing means posi-
tioned between the housing and the membrane for pre-
venting the electrolyte from escaping and means ema-
nating from the housing for conducting the electrical
signal developed by the detector means to a remote

location.

The arrangement of the probe is such that when the
electrolyte and membrane need to be replaced, the cap
and housing are separated and the domed surface

formed by the electrode unit is cleaned. New electro-
lyte is deposited either on the domed surface or on a
new membrane and the new membrane carried by a
new cap is brought into position by engagement of the
locking means on the cap with the housing as the cap 1s
moved axially into contact with the housing.

BRIEF DESCRIPTION OF DRAWING

Referring to the drawing:

FIG. 1 is a vertical section of a probe constructed in
accordance with the present invention; and

FIG. 2 is a perspective view of the cap portion of the

FIG. 1 probe.

BEST MODE FOR CARRYING OUT THE
INVENTION

Referring to the drawing, a probe constructed in
accordance with the present invention includes a hous-
ing 10 preferably fabricated from a suitable plastic mate-
rial which functions as an insulator and also permits
manufacture of the housing at relatively low cost.

Housing 10 is generally disc-shaped and has an axis of

rotation 12. The bottom surface of housing 10 1s formed
with a groove 14 and the peripheral edge of the housing
is formed with a shoulder 16. |

A probe constructed in accordance with the present
invention also includes a cap 18, shown in FIGS. 1 and
2 as being generally cup-shaped and having an opening
20 in its base 22. Cap 18 also is preferably fabricated
from a plastic material. The axis of rotation of cap 18 is
common to axis 12 of housing 10. Base 22 of cap 18 is
perpendicular to axis 12. The side wall 24 of cap 18 1s
generally parallel to axis 12 and is formed with a lip 26
arranged to bear against shoulder 16 of housing 10. Lip
26 serves as a locking means for securing cap 18 to
housing 10. Side wall 24 of cap 18 is slotted at a plurality
of locations to enhance its flexibility. As cap 18 is
moved along axis 12 into engagement with housing 10,
side wall 24 flexes radially outward until lip 26 passes
over shoulder 16 and snaps back in a radially inward
direction.

Cap 18 is formed with a circular ridge 28 surrounding
opening 20. Ridge 28 is shaped, dimensioned and posi-
tioned so that it fits within groove 14 of housing 10
when the housing and the cap are assembled together.

The probe of the invention further includes a mem-
brane 30 secured to cap 18 and spanning opening 20 in
the cap. The attachment of membrane 30 to cap 18 is
achieved by an adhesive layer 32 deposited on the inside
surface of base 22 of the cap. Cap 18 also carries an
O-ring 34 fitted over membrane 30 and inside ridge 28.

When cap 18 is secured to housing 10, O-ring 34 and
ridge 28 fit within groove 14 in the housing. The ar-
rangement is such that O-ring 34 1s squeezed between
ridge 28 of cap 18 and the inner wall 36 of groove 14.
Adhesive layer 32 serves a second purpose. It seals the
contents of the probe from the outside environment so
that only blood gas penetrating membrane 30 enters the
probe.
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A probe constructed in accordance with the present
invention also includes detector means responsive to
blood gas diffusing through the skin of a body against
which the probe is positioned for developing an electri-
cal signal representative of the blood gas. The detector
means include an electrode unit shown as comprising a

cathode electrode 38 and an anode electrode 40 sepa-
rated by an insulator 42. The electrode unit is held
within housing 10 and is formed into a domed surface

which projects from the housing through opening 20 in
base 22 of cap 18. Thus, the domed surface formed by
the electrode unit and membrane and the outside sur-
face of base 22 of cap 18 form a face on the probe which
is placed against a body. For the embodiment of the
invention illustrated in FIG. 1, the domed surface of the
electrode unit is spherical. However, other surfaces
such as conical may be employed. In FIG. 1, cathode
electrode 38 is in the form of a wire, insulator 42 is
generally cylindrical and surrounds the cathode elec-
trode, and anode electrode 40 is generally cylindrical
and surrounds the insulator. Cathode electrode 38 may
be platinum, while anode electrode 40 may be silver.
Insulator 42 may be glass.

The detector means also include an electrolyte be-
tween membrane 30 and the spherical surface formed
by the electrode unit. The electrolyte, in liquid form,
may be an ethylene glycol solution which flows out-
wardly and spreads evenly between the spherical sur-
face and the membrane as housing 10 and cap 18 are
assembled together. Excess electrolyte flows into a
reservoir 4 formed in housing 10 adjacent the outer
edge of the spherical surface formed by the electrode
unit. Any excess electrolyte which spreads beyond res-
ervoir 44 is contained between membrane 30 and hous-
ing 10 by O-ring 34. As a result, electrolyte does not
escape which would otherwise cause the detector
means to dry out more quickly.

As oxygen permeates through membrane 30, it reacts
chemically with the electrolyte. This reaction is sensed
by the electrode combination and an electrical signal 1s
developed having a magnitude representative of the
amount of oxygen passing through the membrane. Be-
cause the nature of this chemical reaction is well known
to those skilled in the art, additional explanation is not
required.

One of the materials which may be used for mem-
brane 30 is polypropylene. A characteristic of polypro-
pylene is that it stretches in one direction easier than it
does in a 90° direction. Thus, if a membrane made from
polypropylene is disposed flat across opening 20 in cap
18, wrinkles will develop as the membrane is contacted
and stretched by the spherical surface of the electrode
unit when the housing and cap are assembled. Such
wrinkles in the membrane will result in improper opera-
tion of the probe.

In order to prevent the development of such wrin-
kles, the membrane is preformed, preferably by stretch-
ing it into a generally spherical shape by a suitable tool.
This tool is arranged with a radius of curvature greater
than the radius of curvature of the spherical surface
formed by the electrode unit. As a result, when housing
10 and cap 18 are assembled together, the prestretched
membrane 30 is layed on the spherical surface in a pro-
gressive manner, starting in the center and moving radi-
ally outward. This causes the electrolyte to flow radi-
ally outward and spread evenly. The membrane under-
goes slight additional stretching to finally conform to
the spherical surface upon which it is being layed.
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Cap 18 earrymg membrane 30 and O-—rmg 34 may be |
‘assembled as follows: Adhesive layer 32 is dep031ted on -

~the inside surface of base 22 inward of ridge 28. A piece

-of membrane ‘material, approxtmately equal in size to
_;the area: deﬁned inward of ridge 28, is placed over open-
| .1ng 20 in cap 18 and adhesive layer 32. As the membrane

is prestretched into a generally sphetical shape; its pe-

Whtle mn the foregomg there has been described a

.:preferred embodiment of the invention, it should be

 understood to.those skllled in the art that various modi-

?Iﬁcatlons and changes can be made without departing

from the true Spll‘lt and SCOpe of the 1nventlon as remted

- In ‘the clatms

rimeter is held to prevent radially inward movement -
and wrmkllng After the membrane is stretched, O-rmg -

- 34 1s snapped into. place over. the membrane mward of
rtdge 28. | |

~Also lnc]uded n the FIG. 1 probe are means emanat- .

10

| '_1ng from housing 10 for conducting the electrical signal
developed: by the detector means to a remote location.

- Such means may include a cable 46 composed of a pair
-of .wires 48 and 50 secured to terminals 52 and 54, re-

15

'spectively, which, in turn, are in electrical contact with
cathode electrode 38 and anode electrode 40, respec- .

tively. Wires 48 and 50 are connected to-a recording
system or display unit or the like which, in response to

20

the. electrical signal developed in the probe, provides a

user with an indication of the blood gas dtffusmg

through the skin of a body agalnst which the probe 1S .

.plaoed - ¥

~In order to increase the blood c1rculatton in the ViCin-
ity of the body at which the probe is positioned, the
probe i1s provided with heating means for transmitting
~ heat to the face of the probe. The heating means may
include a wire winding 56 surrounding anode electrode
40 to which electrical power is supplied to heat the
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anode electrode. Thus, with anode electrode 40 heated,

heat is transmitted to that portion of the spherical sur-
face formed by the anode electrode which, in turn,

causes that portion. of the body contact by the probe

face to be heated. | -
Winding 56 ‘is connected to a source of electrlcal
~ power through a pair of wires 58 and 60 connected,
‘respectively, to a pair of terminal posts 62 and 64. Wires

58 and 60 may form part of cable 46 if the source of
electrical power is at the same remote location as the 40

unit which provides the blood gas indication.
The electrical power supplied to winding 56 is regu-
lated by a thermistor 70 which senses the temperature at
the face of the probe and develops an electrical signal
representative of this temperature. In particular, therm-

35

T claim:

1. A probe comprlsmg
a housing; | =
- an electrode unit held within satd housing and form-
| mg a domed surface whlch projects from said hous-
- ing; | - |
a cup-like cap havmg an openmg n the base thereof
‘through which said domed surface projects and a
lip engaging said housing by a snap ﬁt to secure
said cap to said housing;

~ a membrane secured to said cap and spanning said

opening in said base of said cap;
an electrolyte between satd domed surface and said -
membrane; |

| Isealmg means po51t1oned between said housmg and

said membrane for preventmg sald electrolyte from
- escaping; | | |
and means for electrically eonnecttng said electrode
“unit to a remote location.
2. A probe according to claim 1 wherein sazd domed
surface is spherical. R
-~ 3. A probe according to claim 2 wherein said cap has

'a CIrcular ridge surrounding said opening and said seal-
ing means include an O-ring positioned over said mem-

brane and within said circular ridge.
4. A probe according to claim 3 wherein said housing

~ has a groove surrounding said spherical surface and said

ridge of said cap and said O-ring are fitted within said
groove to squeeze said O-ring between said ridge and a
wall of said groove within said O-ring.

5. A probe according to claim 2 wherein said elec-

trode unit includes a cathode eleetrode and an anode

electrode separated by an insulator.

6. A probe according to claim $ wherein said cathode
electrode is a wire, said insulator is generally cylindrical
and surrounds said cathode, and said anode 1s generally

- cylindrical and surrounds said insulator.

45

1stor 70 is positioned in a'recess 72 in anode electrode 40 -

near the spherical surface. The electrical signal devel-
oped by thermistor 70 is conducted to the source of
electrical power by means of a pair of wires 73 and 74
which also may be a part of cable 46. L

- In actual use, when the electrolyte and membrane of
the probe need to be replaced, cap 18 is detached from
‘housing 10 by. pulling lip 26 of the cap outwardly away
front engagement with shoulder 16 of the housing. A
new cap having a fresh membrane is snapped into place
on housing 10 after fresh electrolyte has been deposited
either on the membrane or on the spherical surface
formed by the electrode unit. The economics are such
that the cap, membrane and O-ring combination may be
disposable. However, if feasible used caps may be re-

7. A probe according to claim.6 wherem said cap has
a circular ridge surrounding said opening and said seal-

‘ing means include an O-ring positioned over sald mem-

brane and within said circular ridge.

8. A probe according to claim 7 wherein said housmg
has a groove surrounding said spherical surface and said
ridge of said cap and said O-ring are fitted within said

~groove to squeeze said O-ring between said ridge and a

55

wall of said groove within said O-ring.
- 9. A probe according to claim 4 wherein said mem-
brane extends under said O-ring to said ridge of said cap

- and is secured to said base of said cap by an adhesive

turned to the manufacturer to salvage the cap and O-

ring components.

As prewously stated, the present invention has been
described in connection with the measurement of the
partial pressure of oxygen (pO3). It will be apparent that
- with suitable modifications  (e.g. different electrode
materials), the invention has broader application, such
as in the measurement of carbon dioxide (pCOy).

65

layer..

10. A probe adapted to be posutloned against a body
to detect a blood gas dtffusmg through the skin of said
body, said probe comprtsmg
a housing;

a cap having an axis common to the axis of said hous-
ing and an opening in the base thereof, said cap also
‘having locking means engaging said housing upon
movement of said cap along said axis for securing
said cap to said housing;

a membrane secured to said cap and spanning said

- opening in said base of said cap;
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detector means responsive to said blood gas diffusing
through said skin for developing an electrical sig-
nal representative of said blood gas, said detector
means including an electrode unit held within said
housing and forming a domed surface which
projects from said housing through said opening in

said base of said cap and an electrolyte between
said domed surface and said membrane;
sealing means positioned between said housing and

sald membrane for preventing said electrolyte from
escaping;

and means emanating from said housing for conduct-
Ing said electrical signal developed by said detector
means to a remote location.

11. A probe according to claim 10 wherein said

domed surface is spherical.

12. A probe according to claim 11 wherein said cap
has a circular ridge surrounding said opening and said
sealing means include an O-ring positioned over said
membrane and within said circular ridge.

13. A probe according to claim 12 wherein said hous-
ing has a groove surrounding said spherical surface and
said ridge of said cap and said O-ring are fitted within
said groove to squeeze said O-ring between said ridge
and a wall of said groove within said O-ring.

14. A probe according to claim 10 wherein said elec-
trode unit includes a cathode electrode and an anode
electrode separated by an insulator.

15. A probe according to claim 14 wherein said cath-
ode electrode is a wire, said insulator is generally cylin-
drical and surrounds said cathode, and said anode is
generally cylindrical and surrounds said insulator.

16. A probe according to claim 13 wherein said mem-
brane extends under said O-ring to said ridge of said cap
and 1s secured to said base of said cap by an adhesive
layer.

17. A probe having a face adapted for contact with
the skin of a body, said probe comprising:

a cap having an axis common to the axis of said hous-
ing and an opening in the base thereof, the outside
surface of said base forming a portion of said face,
said cap also having locking means engaging said
housing upon movement of said cap along said axis
for securing said cap to said housing; '

an electrode unit held within said housing and form-
ing a domed surface which projects from said hous-
ing through said opening in said base of said cap
and forms a portion of said face;

a membrane secured to said cap and spanning said
opening in sald base of said cap;

an electrolyte between said domed surface and said
membrane;
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8

sealing means posttioned between said housing and
said membrane for preventing said electrolyte from
escaping;

first means emanating from said housing for electri-
cally ‘connecting said electrode unit to a remote
location; |

heating means held within said housing for transmit-

ting heat to said face;
second means emanating from said housing for con-

necting said heating means to a source of electrical
pOWer;

sensing means held within said housing for sensing
the temperature at said face and for developing an
electrical signal representative of said temperature;

and third means emanating from said housing for
connecting said sensing means to a remote location
to conduct said electrical signal representative of
said temperature to said remote location.

18. A probe according to claim 17 wherein said

‘domed surface is spherical. | |

19. A probe according to claim 18 wherein said heat-
ing means Include a wire winding surrounding said
electrode unit.

20. A probe according to claim 18 wherein said elec-
trode unit includes a wire cathode, a generally cylindri-
cal insulator surrounding said cathode, and a generally
cylindrical anode surrounding said insulator.

21. A probe according to claim 20 wherein said heat-
ing means Include a wire winding on said anode and
heat is transmitted to said spherical surface.

22. A probe according to claim 21 wherein said cap
has a circular ridge surrounding said opening and said
sealing means include an O-ring positioned over said
membrane and within said circular ridge.

23. A probe according to claim 22 wherein said hous-
ing has a groove surrounding said spherical surface and
said ridge of said cap and said O-ring are fitted within
sald groove to squeeze said O-ring between said ridge
and a wall of said groove within said O-ring.

24. A cap for a probe for transcutaneous blood gas
analysis comprising:

a cup-like member having an opening in the base

thereof; and

a membrane secured to the inste surface of said base

and having an unsupported, generally spherical
shape projecting through said opening.

25. A cap according to claim 24 wherein said mem-
brane 1s made from polypropylene.

26. A cap according to claim 24 wherein said cap has
a circular ridge surrounding said opening and carries an
O-ring positioned over said membrane and within said
circular ridge. *

27. A cap according to claim 26 wherein said mem-
brane extends under said O-ring to said ridge of said cap
and 1s secured to said base of said cap by an adhesive

layer.
¥ % X :



U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 4,303,076
DATED . December 1, 1981

INVENTOR(S) : JOSEF DANEK

it is certified that error appears in the above—identified patent and that said Letters Patent
is hereby corrected as shown below:

In column 5, line 34, cancel "contact" and substitute

--contacted--;
In Claim 17, between line 42 and 43 insert the words
a housing;
In Claim 24, line 44, cancel "insie" and substitute
~-=-inside--—,
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